Background: Both aortic knob width and metabolic syndrome are suggested to be related to atherosclerosis and cardiovascular diseases. However, the association between aortic knob width and metabolic syndrome is unknown. This study aimed to explore this relationship. Methods: Participants were 3,705 Korean adults aged 18-79 years who visited the health promotion center of a general hospital. Data on chest radiography, physical measurements, medical and social history, and blood tests were collected. We defined metabolic syndrome according to the National Cholesterol Education Program Adult Treatment Panel III criteria. A single reviewer measured aortic knob width on chest radiography. Results: Aortic knob width was significantly correlated with age; body mass index; waist circumference; systolic and diastolic blood pressures; total cholesterol, triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, fasting glucose, glycated hemoglobin, insulin, and uric acid levels; and homeostatic model assessment of insulin resistance values. Aortic knob width significantly increased as the number of metabolic syndrome components increased. Moreover, metabolic syndrome component values tended to increase across the quartile groups of aortic knob width after adjusting for age, exercise, smoking status, and alcohol use. Through receiver operating characteristic curve analysis, we determined the clinically useful cutoff value for aortic knob width to be 30.47 mm in premenopausal women. Conclusion: Aortic knob width was found to be significantly related to metabolic syndrome and its individual components.
INTRODUCTION
Radiography is one of the most inexpensive and easily accessible imaging modalities in the clinical setting. Despite the latest European guidelines on aortic diseases stating that chest radiography is of limited value for diagnosing acute aortic syndrome, 1) this modality provides valuable and fundamental information about the heart, the lungs, and bony structures.
The aortic knob width (AKW) is a radiographic configuration formed by a portion of the descending aorta and the foreshortened aortic arch. 2) An increase in the transverse diameter of the aortic arch has been associated with atherosclerosis and cardiovascular diseases (CVDs) such as target organ damage, 3) hypertension, cardiac dysfunction, aortic calcifications, and coronary artery disease (CAD). 4, 5) Dyslipidemia, diabetes, hypertension, and smoking status are known risk factors for CVDs. 6) Metabolic syndrome (MetS) is a collection of cardiovascular risk factors that increases cardiovascular mortality and morbidity beyond the sum of risk components. 7) As both AKW and MetS are significantly associated with CVDs, we hypothesized that AKW might be related to MetS. Previous studies examined the relationship between AKW and cardio-ankle vascular stiffness index 8) or carotid intima-media thickness (CIMT). 9) However, no studies to date have focused on the relationship between MetS and AKW. This study aimed to explore this relationship. or >10 mIU/mL); and (10) eight with outliers (fasting glucose level >300 mg/dL, insulin level >300 mIU/mL). Ultimately, 265 were excluded, leaving a total of 3,705 study participants for this analysis. This is a retrospective study which does not require the Institutional Review Board approval. And all participants provided written informed consent.
METHODS

Subjects
Study
Clinical Examination and Blood Assays
Lifestyle, social, and medical history data were collected through self- 
Measurement of Aortic Knob Width
On posteroanterior chest radiography, the widest point of the aortic knob was measured along the straight imaginary line from the lateral edge of the trachea to the left lateral wall of the aortic arch. 2, 4, 8, 9, 15, 16) To minimize interpersonal differences, a single reviewer blinded to the participants' demographic data measured all AKW on chest radiography.
Statistical Analysis
All continuous variables except for triglyceride and insulin levels were analyzed using independent t-tests, whereas categorical variables were compared using chi-square test. Because triglyceride and insulin levels did not pass the normality tests, they were subjected to the Mann-Whitney U-test. Pearson correlation analysis was used to determine the association between metabolic parameters and AKW. For the same reason, triglyceride and insulin levels were determined using nonparametric Spearman correlation coefficients. To evaluate the AKW trends according to the number of MetS components and each
MetS component according to AKW quartile, the P for trend was determined using a contrast test for the analysis of covariance (ANCOVA)
after adjusting for age, alcohol use, smoking status, and exercise. Receiver operating characteristic (ROC) curves were used to assess the sensitivity and specificity of AKW to identify MetS. All statistical analyses were performed using PASW SPSS for Windows ver. 18.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
The study included 2,002 men (54. (Table 1) .
AKW showed significant correlations with age; BMI; waist circumference; SBP; DBP; total cholesterol, triglyceride, HDL cholesterol, LDL cholesterol, fasting glucose, insulin, HbA1c, and uric acid levels;
and HOMA-IR values ( Table 2 ). All variables showed significant correlations with AKW, except for total cholesterol and uric acid levels in men and insulin level in women.
Analysis of variance showed a significant increase in AKW in accordance with the number of MetS components (Table 3) . Moreover, AN-COVA after adjusting for age, exercise, smoking status, and alcohol use showed a significant increase in each MetS component according to AKW quartile (Table 4 ).
In the ROC curve analysis of the ability of AKW to predict MetS, we divided men into three groups based on age and women into two Values are presented as mean±standard deviation or number (%). All data except for triglyceride and insulin levels were analyzed by independent t-tests. Triglyceride and insulin levels were analyzed by Mann-Whitney U-test. P-value refers to comparison between men and women. 
DISCUSSION
This study showed that AKW was significantly correlated with multiple factors, including older age, higher BMI, abdominal obesity, hypertension, dyslipidemia, and insulin resistance. AKW showed an increasing trend based on the number of MetS components, and each MetS component showed increasing trends according to AKW quartile. An exception for this was the triglyceride level in several AKW quartile subgroups in men and women, but the overall trends were statistically significant. In addition, we confirmed moderate clinical usefulness for distinguishing MetS in premenopausal women with a cutoff value of 30.47 mm for AKW.
The normal human adult aortic wall comprises three layers: intima, media, and adventitia. 19) Atherosclerosis is characterized by intimal lesions called atheromata, or atheromatous or fibrofatty plaques, which protrude into the arterial lumen and weaken the underlying media often associated with calcification. With aging, presence of risk factors, and genetic predisposition, 20) this condition progresses to complicated lesions with surface defects, hemorrhage, and/or thrombosis. 21) The aortic knob can be enlarged because of increased pressure flow in the aorta or changes in the elasticity of its wall.
20)
A few similar studies have been published. One Japanese study involving hypertensive patients with known or suspected CAD suggested that AKW is an independent predictor of central SBP. 15) A Turkish study that compared AKW with cardio-ankle vascular stiffness index in the diagnosis of subclinical atherosclerosis suggested a cutoff value of 41 mm for AKW to detect subclinical atherosclerosis. 8) Another Values are presented as mean±standard deviation (number). Analyzed by ANCOVA after adjusting for age, alcohol use, smoking status, and exercise. P for trend was determined using a contrast test for ANCOVA. MetS, metabolic syndrome; ANCOVA, analysis of covariance. Values are presented as range or mean±standard deviation, unless otherwise stated. Analyzed by ANCOVA after adjusting for age, alcohol use, smoking status, and exercise. P for trend was determined using a contrast test for ANCOVA. AKW, aortic knob width; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; ANCOVA, analysis of covariance.
Turkish study that compared AKW with CIMT in hypertensive patients showed a strong relationship between them. AKW, age, and SBP were also reported as independent predictors of CIMT. 9) A French study that focused on the relationship between MetS and age-related progression of aortic stiffness measured using aortic pulse wave velocity showed a positive result.
22)
A number of factors, including age, sex, body size, measurement method, and imaging methods used, affect "normal" aortic diame- ter. 21) In healthy adults, aortic diameters are usually <40 mm and are larger in men, and they increase with age (0.9 mm in men and 0.7 mm in women for each decade of life), body size (height, weight, body surface area), 1, 21) MetS is important for the preparation of decisive strategies for managing probable future major adverse cardiovascular events. 25) In particular, in clinical settings in which no laboratory tests but chest radiography are available, AKW could be helpful for predicting MetS.
The latest guidelines on aortic diseases recommend the use of computed tomography and/or magnetic resonance imaging for assessing external aortic diameter and echocardiography for assessing internal aortic diameter. 1) Moreover, minimizing radiation exposure was heavily emphasized. 21) From this point of view, chest radiography is the most cost-effective radiologic test with minimal concern for radiationinduced malignancy in the clinical setting. Therefore, for primary physicians, measuring AKW on routine chest radiography is cost-effective and safe enough for detecting MetS when it is clinically doubtful.
The limitations of this study must be considered. First, its cross-sectional design makes it difficult to demonstrate causal relationships.
Second, selection bias was unavoidable owing to the use of a single center. Third, the participants might have paid closer attention to their health than the general population because they voluntarily attended a health checkup.
Nevertheless, this study also has important strengths. First, it was the first study designed to show the relationship between AKW and MetS. Second, the study population was comparatively large and included a high percentage of healthy adults without underlying disease.
Most previous studies on AKW were confined to hypertensive individuals or those at risk for CVDs. 3, 4, 8, 9, 24) In conclusion, this study showed a significant relationship between AKW and MetS. Chest radiography is cost-effective and readily accessible with minimal concern related to excessive radiation exposure.
AKW is easily measured by primary physicians. Therefore, they can pay more attention to patients with a greater AKW than the cutoff values in this study on routine chest radiography, particularly in premenopausal women.
